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(54) A circuit and method for selectively enabling clock outputs 



(57) A clock circuit selectively enables a clock signal 
to be propagated, via a transmission line : to an option 
module only when the module is coupled to the clock 



circuit. Otherwise, when the option module is decoupled 
from the clock circuit, the clock signal is precluded from 
propagating through the transmission line. As a result, 
EMI radiation is substantially reduced. 
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Description 

The present invention relates generally to the field 
of electronics. More particularly, the present invention 
relates to a clock circuit that selectively drives a clock 
signal to an option module via a transmission line when 
the option module is coupled to the clock circuit, and 
prevents propagation of the clock signal through the 
transmission line when the option module is decoupled 
from the clock circuit. 

It is well known that many electronic systems (e.g:, 
computers, workstations, mainframes, etc.) are de- 
signed with a number of printed circuit boards which are 
electrically coupled together. One of these printed circuit 
boards, referred to as the "motherboard", includes a 
clock generation circuit (e.g., crystal oscillator) that pro- 
duces a "master clock signal", being the main clock uti- 
lized by the electronic system. The master clock signal 
is replicated to generate a plurality of copies, which are 
referred to as "system clock signals". Each of the system 
clock signals is' driven to different portions of the elec- 
tronic system by a clock driver. For those outdated sys- 
tem architectures utilizing low-speed clock frequencies 
(e. g. , 33 megahertz "MHz" or less), the clock drivers typ- 
ically employ Transistor-Transistor logic ("TTL") or 
Complementary Metal-Oxide Silicon ("CMOS") logic. 

Of the plurality of system clock signals produced, a 
number of these system clock signals may be routed by 
transmission lines to removable option modules such as 
graphics cards," processor cards and the like. Each 
transmission line may include, but are not limited to a 
first segment of a printed trace lirie implemented on the 
motherboard, a second segment of a printed trace line 
implemented on an option module. Of course, the con- 
nectors coupling the first and second segments of print- 
ed trace lines influence the impedance of the transmis- 
sion line. When coupled to the motherboard, an option 
module provides enhanced functionality to the electron- 
ic system. 

In order to preserve signal integrity of each system 
clock signal and mitigate the effects caused by electro- 
magnetic interference "EMI 0 , each transmission line 
must be terminated. Such termination may be accom- 
plished, for example, by placing a termination resistor 
proximate to a load receiving a system clock signal. The 
termination resistor is configured with impedance equal 
to that of the transmission line and is coupled to both 
ground and the transmission line. 

Since it is desirous for the termination resistor to be 
in close proximity to the load, the termination resistor 
usually is placed on the option module. Thus : when the 
option module is implemented within the electronic sys- 
tem by connecting the option module to one of the con- 
nectors, the transmission line associated with the con- 
nector is properly terminated. However, when the option 
module is removed from the electronic system, the 
transmission line associated with that option module 
has no termination. Hence, the transmission line radi- 



ates EMI along the transmission line creating difficulties 
in meeting Federal guidelines on EMI limits produced 
by computers and other electronic systems. 

For many years, this problem has been overcome 
s by connecting a pair of reversed biased diodes (e.g., 
Shottkey diode clamp) to the transmission line in such 
a fashion to maintain the voltage of the system clock 
signal between two voltage parameters.' For example, 
anode of a first diode may be coupled to a supply voltage 

to reference (e.g., a +5.0 volt "V" supply) and aeathode of 
a second diode may be coupled to a ground reference! 
As a result, the first and second diodes maintain the volt : 
age parameters ranging from approximately +5.4V and 
approximately -0.4V for a CMOS clock driver, taking into 

15 account forward conduction voltage of the diode being 
equal to approximately 0.4V. 

With advancements in the electronic systems re- 
sulting in the use of high clock frequencies "(e.g., over 
100 MHz), the clock drivers are being implemented with 

20 either Emitter Coupled Logic ("ECL") or Pdsilive Emitter 
Coupled Logic ("PECL"). Thus, the conventional archi- 
tecture of the clocking circuitry now has become subject 
to a number of disadvantages. One primary disadvan- 
tage is that the conventional clocking circuitry fails to 

2S eliminate propagation of a clock signal along the trans- 
mission lines when the option module is removed from 
the electronic system. As a result, as the clocking fre- 
quency used by the electronic system increases, the 
EMI radiating from the transmission lines increases. 

30 Therefore, it is more difficult to design faster electronic 
systems employing conventional clocking circuitry due 
to an increase in skew between the system clock sig- 
nals. Likewise, it is more difficult to meet EMI limits im- 
posed by Federal regulations. — 

35 Hence, it would be advantageous to design a clock 
circuit which would provide a low-skew clock signal to 
the option module via one or more transmission lines 
when the option module is electrically coupled to the 
motherboard, and alternatively, discontinue supplying 

40 the low-skew clock signal to the connector reserved for 
the option module after the option card is removed 
therefrom by deactivating the transmission line(s). 

Particular and preferred aspects of the invention are 
set out in the accompanying independent and depend- 

45 ent claims. 

An embodiment of the invention can provide a clock 
circuit for selectively enabling a clock signal to be prop- 
agated, via a transmission line, to an option module only 
when the module is coupled to the clock circuit. Other- 

so wise, when the option module is decoupled from the 
clock circuit, the clock signal is precluded from propa- 
gating through the transmission line(s). As a result, EMI 
radiation is substantially diminished. 

The clock circuit includes a clock' driving element 

55 employed within a first module and a clock receiving el- 
ement employed within a second module. The clock 
driving element includes a clock driver, normally an am- 
plifier connected to at least one emitter-follower transis- 
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tor. A pull-up resistor is coupled to the emitter of the 
emitter-follower transistor. Thus, when the option mod- 
ule is decoupled from the transmission line, the pull-up 
resistor appiies voitage sufficient to turn-off the transis- 
tor. Otherwise, the pull-up resistor has no effect on the 
clock circuit. 

Exemplary embodiments of the invention are de- 
scribed hereinafter, by way of example only, with refer- 
ence to the accompanying drawings, in which: 

Figure 1 is a perspective view of an embodiment of 
the present invention implemented within a first embod- 
iment of an electronic system including a plurality of op- 
tion modules coupled to the motherboard through a cor- 
responding pair of connectors. 

Figure 2 is a perspective view of an embodiment of 
the present invention implemented within a second em- 
bodiment of an electronic system including a plurality of 
option modules electrically coupled to the motherboard 
through a corresponding pair of connectors. 

Figure 3 is a block diagram of an embodiment of a 
selective clock circuit including the clock driving element 
of Figure .1 and a pair of clock receiving elements as- 
sociated with two connected option modules of the plu- 
rality of option modules. 

Figure 4 is a block diagram illustrating in greater 
detail . the . embodiment of the selective clock circuit of 
Figures 1r3. 

Figure 5 is a detailed schematic diagram of a first 
embodiment of the clock driving element of Figure 4 in- 
cluding a differential clock driver. 

Figure 6 is a detailed schematic diagram of a sec- 
end embodiment of the clock driving element of Figure 
4 including a single ended clock driver. 

Figure 7 is a detailed schematic of a third embodi- 
ment of the clock-driving element of Figure 4 including 
a varactor diode reducing base-emitter junction capac- 
itance. . , . . : - r 

Figure 8 is a flowchart of an illustrative embodiment 
of the operational steps performed by the selective plock 
circuit of Figure 4. . * : j f : . . r . 

An embodiment of the invention provides. a selec- 
tive clock circuit and its associated communication 
scheme which selectively enables transmission of a 
clock signal to an option module via transmission line(s) 
when implemented within an electronic system, and dis- 
ables transmission of the clock signal when the option 
module is removed from the electronic system by deac- 
tivating the transmission line(s). Although specific cir- 
cuitry has been set forth, it is obvious that these specific 
details are not required to practice the invention. Like- 
wise, well known circuits, devices and the like may not 
be discussed in order to avoid obscuring the present in- 
vention. 

In the detailed description, a number of terms are 
used herein to describe certain characteristics or quali- 
ties. For example, circuitry employing Positive Emitter 
Coupled Logic ("PECL"). but capable of employing 
Emitter Coupled Logic ("ECL"), may be referred to as ° 



(P)ECL logic." One or more transmission lines may be 
referred herein as "transmission line(s) p . 

Referring to Figure 1. a simplified embodiment of 
an electronic system (e.g., computer, workstation, main- 
5 frame, etc.) utilizing the present invention is shown. The 
electronic system 1 00 comprises a motherboard 1 1 0 im- 
plemented within a chassis 1 20 of the electronic system 
100. The motherboard 110 comprises a clock genera- 
tion element 130, a clock driving element 140, and a plu- 
10 rality of connectors 150^150,, ("n" >2, "n B being a whole 
number) as shown. It is contemplated, however, that on- 
ly one connector may, be used or that the connectors 
150^1 50 n may be employed as part of a backplane ar- 
chitecture 160 as shown in Figure 2. Thus, the mother- 
's board 110 is a removable module coupled to the back- 
plane 160 which electrically couples other removable 
modules. 

Referring still to Figures 1-2, each of the plurality 
of connectors I50 1 -I50 n is configured to receive a par- 
20 ticular type of option module 170,-1700 such as, for ex- 
ample, a memory module, a graphics module, a proc- 
essor module and the like. The processor module would 
provide, multiple processor capability to the electronic 
system, 100, while the graphics module would provide 
2S video capability. The memory module would provide ad- 
ditional memory capability. 

The clock generation element 130 includes, but is 
not limited to, a crystal oscillator or a phase-locked loop 
based circuit. The clock generation circuit 1 30 produces 
30 a master clock signal and transfer that signal to the clock, 
driving element 140 which replicates the master clock 
signal forming a plurality of.system clock signals. These 
system clock signals are capable of being transferred 
through trace lines 180 r rl80„ ; Preferably, these trace 
3$ lines 180,-ieOn are arranged in parallel and in close 
proximity to one another .in order to reduce noise sus- 
ceptibility and skew between the system clock signals. 

The clock driving element 140 includes a plurality 
of clock drivers (not shown) preferably processed on the 
40 same silicon die. Such processing reduces skew asso- 
ciated with the system clock signals produced by the 
clock drivers, resulting from, for example, environmental 
changes applied to the IC package (temperature varia- 
• tions, moisture, etc.) as well as voltage or current chang- 
es es applied to the silicon die itself. 

Referring now to Figure 3, the selective clock circuit 
190 is illustrated as circuitry which enables transmission 
of system clock signals to option modules implemented 
within the electronic system, such as option modules 
so 170, and 170 2 . Likewise, the selective clock circuit 190 
disables transmission of system clock signals when its 
associated option module is removed from the electron- 
ic system. For example, system clock signals normally 
propagated along transmission lines 180 3 -I80 n may be 
55 set to a voltage within a constant, predetermined voltage 
range such as 5V or 3.3V from PECL or ground for ECL. 

The selective clock circuit 190 includes the clock 
driving element 140 and a plurality of clock receiving el- 
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ements ^95 A and 195 2 , which are implemented on op- 
tion modules 180 1 and 180 2 . The clock driving element 
140 includes a plurality of clock drivers (not shown) of 
which two clock drivers are transferring system clock 
signals to its uniquely dedicated clock receiving ele- 
ments 195., and 195 2 . It is contemplated, however, that 
one clock driver may be configured to drive system clock 
signals to multiple clock receiving elements. 

Referring now to Figure 4, the selective clock circuit 
1 90 supporting at least one option module is shown witti 
a clock driving element 1 40, including a clock driver 200, 
in communication with a clock receiving element 1 95j 
including a clock receiver 250. Both the clock driver 200 
and the clock receiver 250 are constructed with PECL 
or ECL (i.e., "(P)ECL") logic and may be either "single 
ended" or "differential". For single-ended (P)ECL logic, 
one communication line is used to transfer clocking sig- 
nals between the clock driver 200 and the clock receiver 
250. For differential (P)ECL logic, two communication 
lines are used to transfer clocking signals in which the 
clock receiver 250 observes the differences between 
the two communication lines. Of course, since (P)ECL 
logic produces low-amplitude clocking signals (e.g., ap- 
proximately 0.80V in amplitude), single-ended (P)ECL 
logic is more susceptible to signal corruption by cross- 
talk and other conditions than differential (P)ECL logic. 
Therefore, selection of ECL or PECL logic is a design 
choice. Furthermore, the advantage in using (P)ECL in- 
stead of TTL or CMOS logic is that (P)ECL logic outputs 
iow-skew signals (e.g., approximately 0 05 nanosec- 
onds "ns"), is capable of driving low-impedance trans- 
mission lines (e.g., characteristic impedances of 25 
ohms "Q") and can withstand loading effects of the op- 
tion modules. 

As shown, the clock driver 200 is coupled to a con- 
nector interface 255 of an option module 170 1 through 
a first segment 261 of transmission line(s) 260. The 
clock driver 200 receives a first reference having "V/ 
volts (e.g., normally +5V > > 2V for PECL logic, or 
generally ground for ECL logic) from signal line 201 and 
second reference through signal line 202 (e.g., ground 
when using PECL logic as shown, or ranging between 
-2Vand -5V for ECL logic). A pull-up resistor 203 is cou- 
pled to both the first segment 26i of transmission line(s) 
260 at the output of the clock driver 200 and to a voltage 
source (e.g., power bus) supplying V v The pull-up re- 
sistor 203 is configured to have a resistance "F^" sub- 
stantially greater than the collective characteristic im- 
pedance of transmission line(s) 260 being equal to Zq 
(e.g., ^00O. < Zq < 15£i). For example, the resistance 
"R L " of the pull-up resistor 203 may range from 1kQ to 
10k£2, although this range is not exclusive. 

The connector interface 255 includes a male and 
female connection pair or any other connection mecha- 
nism. The connector interface 255 couples the first seg- 
ment 261 of the transmission line(s) 260 to a second 
segment 262 of the transmission line(s) 260 used to 
route a system clock signal to the clock receiver 250. 



Placed in close proximity with the clock receiver 250 to 
avoid a lengthy unterminated segment of the transmis- 
sion lines coupling the clock receiver 250l a termination 
circuit 265 is coupled between the second segment 262 

5 of the transmission line(s) and ground in order to termi- 
nate the transmission line(s) 260 to reduce EMI effects 
therefrom. The termination circuit 265 is shown as a re- 
sistor 266 having a resistance "FV equal to impedance 
Zq. However, the termination circuit 265 may include a 

io Thevenin" circuit or any circuit functioning in a similar 
manner. 

Referring to Figure 5, a schematic diagram of the 
selective clock circuit 190 is shown. The clock driver 200 
includes a dual input, differential amplifier 205 coupled 

is to a plurality of emitter-follower transistors 215 and 220 
which transfer clock information to the option module 
170 v The differential amplifier 205 includes a pair of 
transistors 206 and 210 operating in a complementary 
manner. The pair of transistors include a first transistor 

20 206 including a base 207, emitter 208 and collector 209 
and a second transistor 21 0 including a base 211 , emit- 
ter 21 2 and collector 21 3. Collectors 209 and 21 3 of the 
first and second transistors 206 and 210 are connected 
to bases 21 6 and 221 of the emitter-follower transistors 

25 215 and 220, respectively. 

The bases 216 and 221 of the em itte r-f pi lower 'tran- 
sistors 215 and 220 receive complementary system 
clock signals from the differential amplifier 205. The 
emitter-follower transistors 215 and 220 route comple- 

30 mentary system clock signals to the option module 1 70\j 
when the option module 170^ is coupled to the first seg- 
ment 261 of transmission line(s) 260. More specifically, 
the emitter-follower transistors 215 and 220 may' oper- 
ate as current amplifiers to provide enough curreht to 

35 the clock receiver 250 while still charging capacitance 
of the transmission line, the termination resistors' 267 
and 268 are used to reduce reflections on the transmis- 
sion lines 260 as well as for DC-biasing. Preferably^ the 
termination resistors 267 and 268 have respective re- 

io sistances "R 5 " and 'Rq which are generally equal to the 
"Z/ and "Z 2 " impedances, respectively. 1 

In the event that the option module 170! is decou- 
pled from first segment 261 of transmission line 260, the 
pull-up resistors 225 and 230, having resistances of "R 3 " 

45 and "R 4 a substantially greater than Z^ and Z 2 , raise the 
voltage applied on the emitters 217 and 222 of the emit- 
ter-follower transistors 215 and 22d above the voltage 
applied to the bases 216 and 221 ; respectively. As a re- 
sult, the emitter-follower transistors 215 and 220 are 

50 turned off. This reduces EMI within the electronic sys- 
tem employing the option module 170! and sensitive 
clock circuit 190. Otherwise, the pull-up resistors 225 
and 230 have no effect. 

Referring now to Figure 6, a detailed schematic di- 

55 agram of the selective clock circuit 1 90 employing a sin- 
gle ended clock driver 300 is shown. The clock driver 
300 includes a single-input, differential amplifier 305 in 
which a base 311 of the first transistor 310 receives the 
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system clock signal white a base 316 of the second tran- 
sistor 31 5 receives a predetermined voltage ("V ref "). V ref 
is selected so that there will be positive and negative 
voltage differences between V ref and the vottage of the 
system clock signal as it oscillates. 

The collector 312 of the first transistor 310 is cou- 
pled to the base 321 of a emitter-follower transistor 320. 
The collector and emitter of the emitter-follower transis- 
tor 320 are coupled to a voltage reference "V 2 " (e.g., 
positive voltage for PECL logic, or generally ground for 
ECL logic) and the transmission line 325, respectively. 
A pull-up resistor 330 is coupled to the transmission line 
325 and the voltage reference in order to turn off the 
emitter-follower transistor 320 when the option module 
is removed (e.g., when the connection between the op- 
tion module 1 70! and the transmission line(s) 325 is dis- 
connected). The emitter-follower transistor 320 is turned 
off by raising the voltage at the emitter of the emitter- 
follower transistor 320 to exceed the voltage applied to 
its base 321 . Otherwise, when the option module 170, 
is coupled to the transmission lines 325, the pull-up re- 
sistor 330 has no effect- 
Referring to Figure 7, a more-detailed embodiment 
of the ctock'driving element of Figure 6 is shown. A var- 
actor diode 335 (normally paracetic in nature) is imple- 
mented at the base-emitter junction of emitter-follower 
transistor 320 of.Figure 6 as well as the emitter-follower 
transistors 21 5 and 220 of Figure 5. The pull-up resistor 
330 reverse biases the base-emitter junction causing 
the transistor 320 totumroff when the option module is 
not connected to the first segment of the transmission 
line(s). In, addition, the pull-up resistor 330 biases the 
varactor diode in a way to re.duce the capacitance ("Cj") 
at the. base-emitter junction. The voltage divider being 
Cj/C-re, where, "Cjg" is equal to the total capacitance 35 
along the transmission line(s) 325, transfers a reduced 
amplitude signal to the* transmission line(s) further re- 
ducing EMI. ' 

Referring to Figure 8 L the communication scheme 
used by the selective clock.qircuit is shown below. Ba- 
sically, as mentioned above, jhe clock receiving ele- 
ment, operating as a "slave - device is implemented onto 
each of the option modules. A clock driving element op- 
erating as a "master" device by providing system clock 
signals to the clock receiving element of the option mod- 
ules coupled thereto. The transmission lines remain ter- 
minated. Next : upon detecting that the option module is 
decoupled from the clock driving element, the pull-up 
resistor of the clock driving element applies the prede- 
termined voltage to an emitter-follower transistor to turn 
off the transistor (Steps 405 and 410). As a result, the 
predetermined voltage deactivates the transmission 
lines until a coupling with the option module is re-estab- 
lished (Step 415). Then, the emitter-follower transistor 
is turned on (Step 420). This process would continue 
repeatedly for the coupling or decoupling of option mod- 
ules. 

To one skilled in the art. alternative embodiments of 



the invention will be apparent. The preferred embodi- 
ment provided is merely for illustrative purposes and 
should not be taken as limiting the scope of the inven- 
tion. Clearly, other embodiments are conceivable such 
as different voltage levels for different types of products. 
Also, although specific combinations of features are set 
out in the dependent claims : combinations of features 
from the dependent claims with those of the independ- 
ent claims other than those specifically enumerated by 
the claim dependencies may be made, as appropriate. 
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Claims 



is 1. A clock circuit comprising:. 



at least one transmission line; 
a clock receiving element removably coupled 
to said at least one transmission line, said clock 
receiving element being configured to receive 
at least one clock signal; and 
a clock driving element coupled to said at least 
one transmission line, said clock driving ele- 
ment being configured to propagate said at 
least one clock signal to said clock receiving el- 
ement only when said clock receiving element 
is coupled to said at least one transmission line. 

2. The clock circuit according to claim 1 , wherein the 
clock driving element is further configured to pre : . . 
vent propagation of said at least one clock signal 
through said, at least one transmission line when 
said clock receiving element is decoupled from said 
at least one transmission line. 

3. The clock circuit according to claim 1 , wherein the 
clock driving element includes 

a clock driver coupled to said at least one trans- 
mission line, said at least one clock driver in- 
cludes at least one transistor including a base 
receiving a first voltage associated with said at 
least one clock signal and an emitter coupled 
to said at least one transmission line; and 
at least one pull-up resistor coupled between a 
voltage reference supplying a. second voltage 
and said at least one transmission line, said at 
least one pull-up resistor applies said second 
voltage to said emitter of said at least one tran- 
sistor to turn off said at least one transistor 
when said clock receiving element is decoupled 
from said at least one transmission line. 

4. The clock circuit according to claim 3, wherein said 
at least one pull-up resistor has a resistance sub- 
stantially greater than a characteristic impedance 
of said at least one transmission line. 
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5. The clock circuit according to claim 1 , wherein said 
clock driver is implemented with Emitter Coupled 
Logic. 

6. The clock circuit according to claim 1 , wherein said 
clock driver is implemented with Positive Emitter 
Coupled Logic. 

7. The clock circuit according to claim 3, wherein said 
clock driver further includes 

an amplifier including a first transistor and a 
second transistor, said first transistor including a 
collector, an emitter and a base that receives said 
at least one clock signal, and said second transistor 
includes a base that receives a predetermined volt- 
age reference, wherein said collector of said first 
transistor is coupled to said base of said at least 
one transistor. 

8. The clock circuit according to claim 3, wherein said 
clock driver further includes 

an amplifier including a first transistor having 
a base receiving a first clock signal of said at least 
one clock signal, and a second transistor having a 
base receiving a second clock signal of said prede- 
termined voltage reference, wherein said at least 
one transistor includes a third transistor having a 
base coupled to a collector of said first transistor 
and an emitter coupled to a first transmission line 
of said at least one transmission line, and a fourth 
transistor having a base coupled to a collector of 
said second transistor and an emitter coupled to a 
second transmission line of said at least one trans- 
mission line. 

9. A computer system comprising: 

a circuit board including a clock driving element 
and a first line segment coupled to said clock 
driving element; and 

a plurality of option modules capable of being 
coupled to said circuit board, wherein at least 
a first option module of said plurality of option 
modules includes 

a second line segment capable of being 
coupled to said first line segment forming 
a transmission line, and 
a clock receiving element coupled to said 
transmission line, wherein 

said clock driving element (i) propagates at 
least one clock signal to said clock receiving el- 
ement if said first option module is coupled to 
said circuit board, and (it) prevents said at least 
one clock signal from being propagated to said 
clock receiving element upon detecting that 
said first option module is decoupled from said 



circuit board. 

10. The computer system according to Claim 9, wherein 
said first module element includes 

a clock driver coupled to said first line segment, 
said clock driver includes at least one transistor 
including a base that receives a first voltage as- 
sociated with said at least one clock signal, and 
an emitter coupled to said at least one trans- 
mission line; and 

at least one resistor coupled between a voltage 
reference supplying a second voltage and said 
at least one transmission line : said resistor ap- 
plies said second voltage io said emitter of said 
at least one transistor to turn off said at least 
one transistor when said clock receiving ele- 
ment is decoupled from said at least one trans- 
mission line. 

11. The computer system according to claim 10, where- 
in said at least one resistor has a resistance sub- 
stantially greater than a characteristic impedance 
of said at least one transmission line. 

12. The computer system according to claim 1 0, where- 
in said clock driver is implemented with 'Emitter 
Coupled Logic. 



30 1 3. The computer system according to claim 1 0, where- 
in said clock driver is implemented with Positive 
Emitter Coupled Logic. 
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14. The computer system according to claim 1 2, where- 
in said clock driver includes 

an amplifier including a first transistor and a 
second transistor, said first transistor including 
a collector, an emitter and a base that receives 
said at least one clock signal,' and said second 
transistor includes a base that receives a pre- 
determined voltage reference, wherein said 
collector of said first transistor is coupled to said 
base of said at least one transistor. 

15. The computer system according to claim 13, where- 
in said clock driver includes 

an amplifier including a first transistor having 
a base receiving a first clock signal of said at least 
one clock signal, and a second transistor having a 
base receiving a second clock signal of said prede- 
termined voltage reference, wherein said at least 
one transistor includes a third transistor having a 
base coupled to a collector of said first transistor 
and an emitter coupled to a first transmission line 
of said at least one transmission line, and a fourth 
transistor having a base coupled to a collector of 
said second transistor and an emitter coupled to a 
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second transmission line of said at least one trans- 
mission line. 

16. A method for selectively transferring clock signals 
from a first module to a second module, the method s 
comprising the steps of: 

generating a master clock signal on the first 
module; 

replicating said master clock signal into a plu- 10 
rality of system clock signals, wherein each of 
said plurality of system clock signals including 
a clocking frequency substantially equal to said 
master clock signal; and 

propagating said system clock signal to the * 5 
second module, provided the second module is 
coupled to the first module. 

17. The method according to claim 16 further compris- 
ing the step of: 20 

. . preventing said clock signal from being prop- 
agated to the second module when said second 
module is decoupled from the first module. 

18. The method according to claim 17, wherein said %s 
preventing steps includes the step of turning off a 
transistor associated with a clock driver by pulling 

a voltage of an emitter greater than a case of said 
transistor. 

.... 30 

19. A dock circuit for controlling propagation of clock 
signals to a removable option module, the clock cir- 
cuit comprising: 

a transmission line; 55 
a pull-up resistor coupled to said transmission 
line; and 

. a transistor including a base capable of receiv- 
ing a clock signal, a collector and an emitter 
coupled to said transmission line, wherein said . 40 
transistor being turned off when the removable 
option module is decoupled from said transmis- 
sion line by said pull-up resistor raising a volt- 
age at said emitter greater than an amplitude 
voltage of said clock signal. i s 

20. The clock circuit according to claim 1 9, wherein said 
pull-up resistor has no effect on said transistor when 
the removable option module is coupled to said 
transmission line. 50 
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